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SPECIFICATION 
SEMICONDUCTOR DEVICE USING SEMICONDUCTOR CHIP 



BACKGROUND OF THE INVENTION 

1. Field of the invention 

The present invention relates to a semiconductor device 
using a semiconductor chip, and particular ly to a semiconductor 
device including a semiconductor chip bonded to a die pad and 
packaged with a molded portion made of a synthetic resin. 

2. Description of the related arts 

Generally, a light emitting diode lamp of the type described 
above includes an insulating substrate in the form of a chip, 
on which a die pad and a pair of first and second electrode 
terminals all of which are made of a metal film are formed so 
that the diepad is electrically connected to the first electrode 
terminal. The device further includes a semiconductor chip 
bonded to the die pad and electrically connected to the second 
electrode terminal . 

To bond the semiconductor chip to the die pad electrically 
connected to the first electrode terminal in the semiconductor 
device, a thermally meltable die bonding material such as solder 
paste is used. Specifically, an appropriate amount of such 
die bonding material is applied to an upper surface of the die 
pad, and then the semiconductor chip is placed on the die bonding 
material . In this state, the die bonding material is oncemelted 
by heating and then hardened. 



Conventionally, although the die pad has a rectangular 
configuration which is similar to the rectangular configuration 
of the semiconductor chip, the die pad. is made considerably 
larger than the semiconductor chip to be bonded thereto, which 
5 causes the problems described below. 

In bonding the semiconductor chip to the die pad, it is 
necessary to bond the semiconductor chip at or near the center 
of the die pad. However, when the die bonding material applied 
to the die pad is melted, the semiconductor chip is floated 

10 on the melted die bonding material , and the die bonding material 
spreads largely to all sides over the upper surface of the die 
pad. Therefore, in accordance with the spreading of the die 
bonding material to all sides, the semiconductor chip in the 
floated state moves along the upper surface of the die pad to 

15 be away from the center. Thus, when the die bonding material 
is hardened thereafter, the semiconductor chip is fixed to the 
die pad at a position offset from the center. Moreover, when 
the semiconductor chip is put on the die pad at an offset position , 
the semiconductor chip is fixed at the offset position of the 

20 die pad without correction. 

Moreover, in bonding the semiconductor chip to the die 
pad, it is necessary to arrange the semiconductor chip so that 
each of the corners of the semiconductor chip is oriented in 
a predetermined direction. However, since the semiconductor 

25 chip floated on the melted die bonding material can rotate freely, 
each of the corners cannot be oriented in a predetermined 
direction. Thus, the semiconductor chip is fixed with the 
orientation of the corners deviated. 



The positional deviation from the center and deviation 
of the corner orientation of the semiconductor chip may hinder 
the connection of a metal wire to a predetermined electrode 
of the semiconductor chip in electrically connecting the 
semiconductor chip to the second electrode terminal by wire 
bonding or may cause such a connection failure that an 
intermediate portion of the metal wire comes into contact with 
the semiconductor chip. Further, to package the semiconductor 
chip with a molded portion made of a synthetic resin, the molded 
portion need be made relatively large in view of the 
above-described two kinds of deviation, which leads to an 
increase in size and weight of the semiconductor device. 

Particularly, when the semiconductor device is an LED 
device using a LED chip as a semiconductor chip, the position 
of the light source and the directionality of light emitted 
from the LED chip changes due to the positional deviation from 
the center and deviation of the corner orientation of the LED 
chip, so that variation of the directionality of light is large. 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to solve the problems 
described above. 

According to a first aspect of the present invention, there 
is provided a semiconductor device comprising: an insulating 
substrate having an obverse surface formed with a rectangular 
die pad made of a metal film and a pair of electrode terminals 
made of a metal film; a rectangular semiconductor chip bonded 
to an obverse surface of the die pad with a die bonding material ; 



and a molded portion made of a synthetic resin for packaging 
the semiconductor chip. The rectangle of the die pad has a 
length and a width which are 0.50 to 1.50 times the length and 
the width of the rectangle of the semiconductor chip, 
5 respectively. 

By making the length and the width of the rectangle of 
the die pad 0.50 to 1.50 times the length and the width of the 
rectangle of the semiconductor chip, the following advantages 
are provided. When the semiconductor is placed on the die pad, 

10 the side surfaces of the semiconductor chip may not be in parallel 
with the side surfaces of the die pad or the semiconductor chip 
may be offset from the center of the die pad. Even in such 
a case, the surface tension of the die bonding material acts 
simultaneously to each side of the semiconductor chip and each 

15 side of the die pad. As a result, as will be described later 
in detail, by self alignment due to the surface tension, the 
semiconductor chip is automatically corrected so that each side 
of the semiconductor chip become parallel or generally parallel 
with a respective side of the die pad, or each of the corners 

20 of the semiconductor chip is oriented constantly in a 
predetermined direction. Further, the LED chip is 

automatically corrected to locate at or near the center of the 
die pad. 

Thus, in bonding the semiconductor chip to the die pad 
25 on the insulating substrate, by the self alignment due to the 
surface tension of the die bonding material, the deviation of 
the semiconductor chip from the center of the die pad can be 
reduced, and each of the corners of the semiconductor chip can 



be oriented accurately in a predetermined direction so that 
each side of the semiconductor chip become parallel or generally 
parallel with a respective side of the die pad. Therefore, 
the molded portion for packaging the semiconductor chip can 
be made smaller as compared with that of the prior art, whereby 
the size and weight of the semiconductor device can be reduced. 

Particularly, in the first aspect, when the semiconductor 
device is a chip-type LED device including an LED chip as the 
semiconductor chip and a light-permeable molded portion, the 
change of the light source position and the directionality can 
be suppressed, whereby variation of the directionality can be 
reduced . 

Further, in the first aspect, the die pad may have a side 
surface integrally formed with a narrow extension projecting 
outward from the die pad. With such an arrangement, part of 
the die bonding material applied onto the die pad spreads onto 
the obverse surface of the narrow extension. As a result, the 
thickness of the die bonding material on the obverse surface 
of the die pad can be reduced while the self alignment by the 
die bonding material is assured. Therefore, the float height 
from the die pad, height variation and inclination of the 
semiconductor chip can be reduced, and the amount of sinking 
of the semiconductor chip in the die bonding material is also 
reduced. Thus, short-circuiting in the semiconductor chip can 
be suppressed. Moreover, when the semiconductor chip is an 
LED chip, the reduction of the amount of light emitted from 
the LED chip can be prevented. 

Further, in the firs t embodiment , the die pad may be formed 



with a recess of a size insufficient to receive the semiconductor 
chip . With such an arrangement , part of the die bonding material 
applied to the obverse surface of the die pad enters the recess . 
As a result, the thickness of the die bonding material on the 
obverse surface of the die pad can be reduced while the self 
alignment by the die bonding material is assured. Therefore, 
the float height from the die pad, height variation and 
inclination of the semiconductor chip can be reduced, and the 
amount of sinking of the semiconductor chip in the die bonding 
material is also reduced. Thus, short-circuiting in the 
semiconductor chip can be suppressed. 

When the provision of the narrow extension is combined 
with the provision of the recess, higher advantages can be 
obtained than when only either one of the above is provided. 

According to a second aspect of the present invention, 
there is provided a semiconductor device comprising: an 
insulating substrate having an obverse surface formed with a 
die pad made of a metal film and a pair of electrode terminals 
made of a metal film; a semiconductor chip which is square or 
generally square as viewed in plan and bonded to an obverse 
surface of the die pad with a die bonding material; and a molded 
portionmade of a synthetic resin for packaging the semiconductor 
chip . The diepad is circular as viewed inplan andhas a diameter 
which approximates the diagonal dimension of the semiconductor 
chip, and wherein a narrow patterned conductor made of a metal 
film is provided between the die pad and one of the electrode 
terminals to integrally connect the die pad and the electrode 
terminal to each other. 



With such an arrangement, a thermally meltable die bonding 
material is applied to the obverse surface of the die pad, and 
then the semiconductor chip is placed thereon. Thereafter, 
the entirety is heated to a temperature above the melting point 
5 of the die bonding material. 

By the heating, the die bonding material is melted, so 
that the semiconductor chip is floated on the melted die bonding 
material . At this time , the melted die bonding material spreads , 
while alloying, over the entire obverse surface of the die pad 
10 and also over the bottom surface and each of four side surfaces 
of the semiconductor chip . Thus, surf ace tension of the melted 
die bonding material acts between the circumferential edge of 
the die pad and each of the four side surfaces of the semiconductor 
chip . 

15 In this case, since the semiconductor chip is square or 

generally square while the die pad is circular with a diameter 
which approximates the diagonal dimension of the semiconductor 
chip, the semiconductor chip floating on the melted die bonding 
material undergoes self alignment for moving the LED chip to 

20 a position where the surface tension acts equally onto each 
of the four side surfaces of the semiconductor chip . Therefore , 
even when the semiconductor is placed at a position offset from 
the center of the die pad, the position is automatically corrected 
by self alignment due to the surface tension for the four sides 

25 so that the semiconductor chip is located at or near the center 
of the die pad. 



7 



Further, part of the melted die bonding material spreads 
also toward the narrow patterned conductor made of a metal film 
and connecting' the die pad to one of the electrode terminals. 
Therefore, a bulged portion pro j ecting onto the narrow patterned 
conductor is formed at the outer circumference of the molten 
solder paste, and surface tension acts also between the side 
surfaces of the semiconductor chip and the bulged portion 
spreading onto the narrow patterned conductor. Therefore, by 
the self alignment due to the behavior of the solder paste to 
make the surface tension act equally onto each of the side 
surfaces, the semiconductor chip floating on the melted die 
bonding material is automatically corrected so that one of the 
four corners of semiconductor chip is oriented toward the narrow 
patterned conductor . 

In this way, the semiconductor chip is automatically - 
corrected (self alignment) to locate at or near the center of 
the die pad, and at the same time, automatically corrected (self 
alignment) so that one of the four corners of the semiconductor 
chip is oriented toward the narrow patterned conductor. 

By the subsequent hardening of the melted die bonding 
material by cooling, the semiconductor chip is bonded at or 
near the center of the die pad connected to one of the electrode 
terminals, with one of the corners of the semiconductor chip 
oriented toward the narrow patterned conductor connected to 
the die pad so that each of the corners is constantly oriented 
in a predetermined direction. Therefore, it is possible to 
reduce the positional deviation of the semiconductor chip from 
the center of the die pad and the deviation of the corner 

8 



orientation of the semiconductor chip. 

As a result, the possibility of a connection failure, which 
may occur in electrically connecting the semiconductor chip 
to one of the electrode terminals by wire bonding using a metal 
wire, is reliably reduced. Further, when the semiconductor 
chip is to be packaged with a molded portion made of a synthetic 
resin, the molded portion can be made smaller by as much as 
the above two kinds of deviation is reduced, whereby the size 
and weight of the semiconductor device can be reduced. 

As noted above, the self alignment to locate the 
semiconductor chip at or near the center of the die pad and 
to orient the semiconductor chip so that one of the corners 
is oriented toward the narrowpat terned conductor can be reliably 
achieved by making the diameter of the die pad 0.6 to 1.5 times 
the diagonal dimension of the semiconductor chip. 

In the second aspect, the die pad may be arranged between 
the paired electrode terminals arranged on a generally straight 
line, and the narrow patterned conductor may be arranged to 
extend from the circumference of the die pad at a position 
deviating by 45 degrees from the line of the electrode terminals . 
With such an arrangement , when the diebondingmaterial ismelted, 
one of the corners of the semiconductor chip is oriented toward 
the patterned conductor at the 45 degree position. Therefore, 
the semiconductor chip can be bonded so that, among the four 
sides of the semiconductor chip, a pair of opposite sides extend 
parallel or generally parallel with the line of the electrode 
terminals while the other pair of opposite sides extend 
perpendicularly or generally perpendicularly to the line of 



the electrode terminals. Therefore, the width and the length 
of the semiconductor device can be made smaller than when the 
four sides of the semiconductor chip are inclined relative to 
the line of the electrode terminals. Accordingly, the size 
and weight of the semiconductor device can be advantageously 
reduced . 

In the second aspect again, when the semiconductor device 
is a chip-type LED device including an LED chip as the 
semiconductor chip and a light-permeable molded portion, the 
change of the light source position and the directionality can 
be suppressed, whereby the variation of the directionality can 
be reduced. 

In the second aspect again, the die pad may be formed with 
a recess of a size insufficient to receive the semiconductor 
chip, similarly to the first aspect . With such an arrangement , 
the variation of the float height of the semiconductor chip 
from the die pad as well as the inclination of the semiconductor 
chip can be reduced, and short-circuiting in the semiconductor 
chip can be suppressed. 

According to a third aspect of the present invention, there 
is provided a semiconductor device comprising: a die pad made 
of a metal plate and a pair of electrode terminals made of a 
metal plate; a semiconductor chip which is square or generally 
square as viewed in plan and bonded to the die pad with a die 
bonding material ; and a molded portion made of a synthetic resin 
for packaging the semiconductor chip. The die pad is circular 
as viewed in plan and has a diameter which approximates the 
diagonal dimension of the semiconductor chip, and a narrow 



patterned conductor made of a metal plate is provided between 
the die pad and one of the electrode terminals to integrally 
connect the die pad and the electrode terminal to each other. 
With such an arrangement, a semiconductor device which does 
not utilize an insulating substrate but utilizes a metal" plate 
is provided. 

Similarly to the second aspect, the following arrangements 
are also applicable to the third aspect: 

i) to make the diameter of the die pad 0.6 to 1.5 times the 
diagonal dimension of the semiconductor chip; 

ii) to arrange the die pad between the paired electrode terminals 
arranged on a generally straight line and to arrange the narrow 
patterned conductor so as to extend from the circumference of 
the die pad at a position deviating by 45 degrees from the line 
of the electrode terminals; and 

iii) to make the semiconductor device a chip- type LED device 
including an LED chip as the semiconductor chip and a 
light-permeable molded portion. 

Other objects, features and advantages of the present 
invention will become clearer from the description of the 
embodiments given below with reference to accompanying 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig . 1 is a longitudinal sectional view showing a chip-type 
LED device according to a first embodiment. 

Fig. 2 is a plan view of Fig. 1. 

Fig. 3 is a perspective view showing the chip-type LED 



device according to the first embodiment. 

Fig. 4 is an exploded perspective view of the first 
embodiment . 

Fig. 5 is a sectional view taken along lines V-V in Fig. 

5 4. 

Fig. 6 is a longitudinal sectional view showing an LED 
chip bonded to an insulating substrate in the first embodiment. 
Fig. 7 is a plan view of Fig. 6. 

Fig. 8 is a perspective view showing a first variation 
10 of the first embodiment. 

Fig. 9 is a perspective view showing a second variation 
of the first embodiment. 

Fig. 10 is a perspective view showing a third variation 
of the first embodiment. 
15 Fig. 11 is a perspective view showing a fourth variation 

of the first embodiment. 

Fig. 12 is a sectional view taken along lines XII-XII in 
Fig. 11. 

Fig . 13 is a longitudinal sectional view showing a chip- type 
20 LED device according to a second embodiment. 
Fig. 14 is a plan view of Fig. 13. 

Fig. 15 is an exploded perspective view showing the 
chip-type LED device according to the second embodiment. 

Fig. 16 is a sectional view taken along lines XVI-XVI in 
25 Fig. 15. 

Fig. 17 is enlarged view showing the principal portion 
of Fig. 14. 

Fig. 18 is a sectional view taken along lines XVI I I -XVI I I 

12 



in Fig . 17 . 

Fig. 19 is a sectional view taken along lines XIX-XIX in 
Fig. 17. 

Fig. 20 is a plan view showing a variation of the second 
5 embodiment . 

Fig. 21 is an exploded perspective showing a chip- type 
LED device according to a third embodiment . 
Fig. 22 is a plan view of Fig. 21. 

Fig . 23 is a longitudinal sect ional view showing a variation 
10 of the third embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figs . 1-7 show a first embodiment of the present invention . 
Indicated by the reference sign 1 in these figures is a 
15 chip- type LED device as an embodiment of semiconductor device . 

The chip- type LED device 1 includes an insulating substrate 
2 in the form of a chip. The insulating substrate 2 has an 
upper surface formed with a rectangular die pad 3 and a pair 
of terminal electrodes 4, 5 all of which are made of a metal 
20 film, and a narrow patterned conductor 6 made of a metal film 
and electrically connecting the terminal electrode 4 to the 
die pad 3 . 

The chip-type LED device 1 further includes an LED chip 
7 bonded to the upper surface of the die pad 3, a thin metal 
25 wire 8 connecting the LED chip 7 and the terminal electrode 
5 by wire bonding, and a moldedport ion 9 made of a light-permeable 
synthetic resin such as a transparent resin for packaging the 
LED chip 6 and the wiring pattern 6. 

13 



The paired terminal electrodes 4, 5 extend from the upper 
surface onto an end surface and a lower surface of the insulating 
substrate 2. 

The bonding of the LED chip 7 onto the die pad 3 on the 
insulating substrate 2 is performed as follows. 

To mount the LED chip 7 which is a typical rectangular 
one having a length LO and a width WO, the length LI and the 
width Wl of the die pad 3 are made equal or generally equal 
to the length LO and the width WO of the LED chip 7 so that 
the die pad becomes congruent or generally congruent to the 
LED chip 7. In bonding, an appropriate amount of solder paste 
H is applied to the upper surface of the die pad 3, as shown 
in Fig. 3. Then, as shown in Fig. 4, the LED chip 7 is placed 
on the solder paste H . Thereafter, the solder paste in this 
state is heated to a temperature above the melting point of 
the solder and then cooled for hardening. 

As indicated by double-dashed lines in Fig. 5, when the 
rectangular LED chip 7 is placed on the rectangular die pad 
3, the side surfaces of the LED chip 7 may not be in parallel 
with the side surfaces of the die pad 3 or the LED chip 7 may 
be offset from the center of the die pad 3. Even in such a 
case, with the above arrangement, the surface tension of the 
molten solder acts simultaneously to each side surface of the 
LED chip 7 and each side surface of the die pad 3 . As a result, 
by self alignment due to the surface tension, the orientation 
of the LED chip 7 is automatically corrected so that each side 
of the LED chip 7 become parallel or generally parallel with 
a respective side of the die pad 3, and the position of the 



LED chip 7 is automatically corrected so that the LED chip 7 
is accurately located at the center of the die pad 3 . 

By the hardening of the molten solder, the LED chip 7 is 
fixed with the position corrected as described above. 
5 Through the experiment by the inventors, it has been found 

that the automatic correction by the self alignment due to the 
surface tension of the molten solder is reliably achieved when 
the length LI and the width Wl of the rectangle of the die pad 
3 are 0.50 to 1.50 times the length L0 and the width WO of the 
10 rectangle of the LED chip 7, preferably 0.65 to 1.35 times, 
and most preferably 0.75 to 1.25 times. This holds true for 
bonding materials other than solder paste such as conductive 
paste . 

In this way, in die-bonding the LED chip 7 to the die pad 
15 3 on the insulating substrate 2, the self alignment by the die 
bonding material reduces the positional deviation of the LED 
chip 7 from the center of the die pad 3 while making each side 
surface of the LED chip 7 parallel or generally parallel with 
a respective side surface of the die pad 3. Therefore, the 
20 width of the insulating substrate and the molded portion 9 for 
packaging the LED chip 7 can be reduced as compared with that 
of the prior art device, whereby the size and weight of the 
chip- type LED device 1 can be reduced. Further, the variation 
of directionality of light emitted from the LED chip 6 can be 
25 reduced. 
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In the first embodiment, the patterned conductor 6 for 
electrically connecting the die pad 3 to the first terminal 
electrode 4 does not extend straight as indicated by 
double-dashed lines in Fig . 2 but extends obliquely as indicated 
5 by the solid lines in Fig. 2, whereby the patterned conductor 
6 is made relatively long . With such an arrangement , the contact 
area between the patterned conductor and the molded portion 
9 packaging the patterned conductor can be increased, whereby 
moisture in the atmosphere, for example, is reliably prevented 

10 from entering through the patterned conductor 6. 

The number of the patterned conductor is not limited to 
one. As shown in Fig. 7, two patterned conductors, i.e. the 
patterned conductor 6 indicated by solid lines and a patterned 
conductor 6a indicated by double-dashed lines may be provided. 

15 Fig. 8 shows a first variation of the first embodiment. 

In the first variation, each corner of the rectangular 
die pad 3 formed on the upper surface of the insulating substrate 
2 is integrally formed with a narrow extension 3a which extends 
outward from the die pad 3 . 

20 With this arrangement, when the solder paste H is applied 

onto the die pad 3 and melted, part of the molten solder spreads 
onto the obverse surface of the narrow extension 3a extending 
continuously outward from the die pad 3. Therefore, the 
thickness of the molten solder on the obverse surface of the 

25 die pad 3 can be reduced while the self alignment due to the 
surface tension of the molten solder is assured. 

As a second variation of the first embodiment, the narrow 
extension 3a may be provided at each side surface of the die 



pad 3, as shown in Fig. 9. As a third variation of the first 
embodiment, a plurality of narrow extensions 3a may be provided 
at one side surface of the pad 3 so that the extensions also 
serve as the patterned conductor 6, as shown in Fig. 10. In 
5 these variations again, the thickness of the molten solder on 
the obverse surface of the die pad 3 can be reduced while the 
self alignment due to the surface tension of the molten solder 
is assured. 

Figs. 11 and 12 show a fourth variation of the first 
10 embodiment . 

In the fourth variation, the rectangular die pad 3 formed 
on the upper surface of the insulating substrate 2 is formed 
with a recess 3b of a size insufficient to receive the LED chip 
7. 

15 With such an arrangement, when the solder paste H applied 

to the obverse surface of the die pad 3 is melted with the LED 
chip 7 placed thereon, part of the molten solder is received 
in the recess 3b . Therefore , the thickness of the molten solder 
on the obverse surface of the die pad 3 can be reduced while 

20 the self alignment due to the surface tension of the molten 
solder is assured. 

Figs. 13-19 show a second embodiment of the present 
invention . 

Indicated by the reference sign 11 in these figures is 
25 a chip-type LED device. The chip-type LED device 11 includes 
an insulating substrate 12 in the form of a chip . The insulating 
substrate 12 has an upper surface formed with a die pad 13 made 
of a metal film to have a circular configuration with a diameter 



D, and a pair of terminal electrodes 14 and 15 made of a metal 
film and provided on opposite sides of the die pad. The upper 
surface of the insulating substrate 12 is further formed with 
a narrow patterned conductor 16 made of a metal film and 
5 electrically connecting the terminal electrode 14 to the die 
pad 13 . 

The chip-type LED device 11 further includes an LED chip 
17 bonded to the upper surface of the die pad 13, a thin metal 
wire 18 connecting an electrode on the upper surface of the 

10 LED chip 17 to the terminal electrode 15 by wire bonding, and 
a molded portion 19 made of a light-permeable synthetic resin 
such as a transparent resin for packaging the LED chip 17, the 
narrow patterned conductor 16 and the metal wire 18 on the upper 
surface of the insulating substrate 12. As viewed in plan, 

15 the LED chip 17 is square or generally square with side length 
B. 

The terminal electrodes 14 , 15 extend from the upper surface 
onto an end surface and a lower surface of the insulating 
substrate 12 . 

20 To bond the LED chip 17 onto the die pad 13 on the insulating 

substrate 12, the diameter D of the die pad 13 is made close 
to the diagonal dimension S of the square or generally square 
LED chip 7 . 

In die bonding, an appropriate amount of solder paste H 
25 is applied to the upper surface of the die pad 13, and then 
the LED chip 7 is placed on the solder paste H, as shown in 
Figs. 15 and 16. 



18 



In placing the LED chip 17, it is only necessary to put 
the LED chip on the solder paste H, and it is unnecessary to 
accurately position the LED chip at the center of the die pad 
13 or orient each corner of the LED chip 17 in a predetermined 
5 direction. 

Thereafter, the entirety is heated to a temperature above 
the melting point of the solder to melt the solder paste H and 
then cooled to normal temperature for hardening the paste. 

By the heating and melting of the solder paste H, the LED 

10 chip 17 is floated on the molten solder paste H. At this time, 
the molten solder paste H spreads, while alloying, over the 
entire obverse surface of the die pad 13 and also over the bottom 
surface and each of four side surfaces of the LED chip 17 . Thus , 
surface tension of the molten solder paste H acts between the 

15 circumferential edge of the die pad 13 and each of the four 
side surface of the LED chip 17. 

In this case, since the LED chip 17 is square or generally 
square while the die pad 13 is circular with a diameter D which 
approximates the diagonal dimension S of the LED chip 17, the 

20 LED chip 17 floating on the molten solder paste H undergoes 
self alignment for moving the LED chip to a position where the 
surface tension acts equally to each of the four side surfaces 
of the LED chip. Therefore, even when the LED chip 17 is placed 
at a position offset from the center of the die pad 13, the 

25 position is automatically corrected by self alignment so that 
the LED chip is located at or near the center of the die pad 
13 . 

19 



Further, as shown in Figs. 17 and 18, part of the molten 
solder paste H spreads also toward the narrow patterned conductor 

16 connecting the die pad 13 to the electrode terminal 14. 
Therefore, a bulged portion h projecting onto the narrow 

5 patterned conductor 16 is formed at the outer circumference 
of the molten solder paste H, and surface tension of the solder 
paste H acts also between the side surfaces of the LED chip 

17 and the bulged portion h spreading onto the narrow patterned 
conductor 16. Therefore, by the self alignment due to the 

10 behavior of the solder paste to make the surface tension act 
equally onto each of the side surfaces, the orientation of the 
LED chip 17 floating on the molten solder paste His automatically 
corrected so that one of the four corners of the LED chip 17 
is oriented toward the narrow patterned conductor 16. 

15 In this way, as shown in Figs. 17, 18 and 19, automatic 

correction is performed so that the LED chip 7 is positioned 
at or near the center of die pad 13 and one of the four corners 
of the LED chip is oriented toward the narrow patterned conductor 
16. 

20 By the subsequent hardening of the solder paste Hby cooling , 

the LED chip 17 is bonded at or near the center of the die pad 
13 connected to the electrode terminal 14 , with one of the corners 
of the LED chip 17 oriented toward the narrow patterned conductor 
16 connected to the die pad 13 so that each of the corners is 

25 constantly oriented in a predetermined direction. 
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Through the experiment by the inventors, it has been found 
that the self alignment due to the surface tension of the molten 
solder is reliably achieved when the diameter D of the die pad 
13 is 0.6 (lower limit) to 1 . 5 (upper limit) times the diagonal 
5 dimension S of the LED chip 17, and is more reliably achieved 
when 0.8 (lower limit) to 1.2 (upper limit) times. 

Therefore, "a diameter close to a diagonal dimension of 
the semiconductor chip" as set forth in the claims of the present 
invention means the above-described range. 

10 Fig. 20 shows a variation of the second embodiment. 

In the chip-type LED device 11' of this variation, the 
die pad 13' is arranged, as viewed in plan, on a center line 
C connecting the electrode terminals 14', 15' provided at 
opposite ends of the insulating substrate 12' to each other. 

15 Specifically, as viewed in plan, the terminal electrode 14' 
and the terminal electrode 15' are arranged on a straight line 
with the die pad 13' interposed therebetween, and the narrow 
patterned conductor 16' connecting the die pad 13' to the 
electrode terminal 14 ' is arranged to extend from the 

20 circumference of the die pad 13 at a position deviating by an 
angle 9 (=45 degrees) from the center line C connecting the 
electrode terminals 14' and 15' to each other, i.e. from the 
line of the electrodes 14', 15'. Similarly to the foregoing 
embodiments, an LED chip 17' is bonded on the upper surface 

25 of the die pad 13' with solder paste H, and an electrode on 
the LED chip 17' is connected to the electrode terminal 15' 
by wire bonding using a metal wire 18' . The LED chip 17' , the 
narrow patterned conductor 16' and the metal wire 18' on the 



upper surface of the insulating substrate 12 ' are packaged with 
a molded portion 19' made of a transparent synthetic resin. 

With such an arrangement, when solder paste H applied to 
the upper surface of the die pad 13 ' is melted with the LED chip 
5 17' placed thereon, self alignment due to the surface tension 
of the solder paste H occurs so that the LED chip 17 ' is 
automatically located at or near the center of the die pad 13 ' , 
while, at the same time, one of the corners is automatically 
oriented toward the narrow patterned conductor 16' . As shown 

10 in Fig. 20, by subsequently fixing the LED chip in this state, 
the LED chip 17' can be bonded so that, among the four sides 
of the LED chip, a pair of opposite sides extend parallel or 
generally parallel with the center line C connecting the 
electrode terminals 14' and 15' to each other, i.e. with the 

15 line of the electrode terminals 14', 15' while the other pair 
of opposite sides extend perpendicularly or generally 
perpendicularly to the center line C connecting the electrode 
terminals 14' and 15' to each other. Therefore, the width F 
and the length E of the chip-type LED device 11' can be made 

20 smaller than in the structure shown in Fig. 14 in which the 
four sides of the LED chip are inclined relative to the line 
of the electrode terminals 14' and 15'. 

Figs. 21 and 22 show a third embodiment of the present 
invention . 

25 In the chip-type LED device 21 according to the third 

embodiment, instead of the paired electrode terminals and the 
die pad all of which comprise a metal film formed on an insulating 
substrate, a pair of electrode terminals and a die pad all of 
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which comprise a relatively thick metal plate are provided, 
and the insulating substrate is not used. 

Specifically, both of the electrode terminal 25 and the 
electrode terminal 24 connected to the circular die pad 23 via 
5 a narrow patterned conductor 26 are made of a metal plate. 
Similarly to the foregoing embodiments, an LED chip 27 is bonded 
on the upper surface of the die pad 23 with solder paste H, 
and an electrode on the LED chip 27 is connected to the electrode 
terminal 25 by wire bonding using a metal wire 28. The LED 
10 chip 27, the narrow patterned conductor 2 6 and the metal wire 
28 are packaged with a molded portion 29 made of a light-permeable 
synthetic resin such as a transparent resin. 

With such an arrangement, a chip-type LED 21 which does 
not include an insulating substrate can be formed by using a 
15 metal plate. 

As shown in Fig . 23 , in a variation of the third embodiment , 
the electrode terminal 25 maybe elongated for direct connection 
to the LED chip 27 instead of the connection to the LED chip 
27 by wire bonding using a metal wire 2 8 , whereby the wire bonding 
20 using a metal wire can be eliminated. 

In the third embodiment again, it is preferable that the 
diameter D of the die pad 23 is 0.6 (lower limit) to 1 . 5 (upper 
limit) times the diagonal dimension of the LED chip 27, and 
more preferably, 0.8 (lower limit) to 1 . 2 (upper limit) times 
25 the diagonal dimension of the LED chip. Further, in the third 
embodiment again, similarly to the variation of the second 
embodiment shown in Fig. 20, the narrow patterned conductor 
26 may be arranged to extend from the circumference of the die 
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pad 23 at a position deviating by an angle 9 (=45 degrees) from 
the center line connecting the electrode terminals 24 and 25 
to each other, i.e. from the line of the electrodes 24, 25. 
In this case, the width and length of the chip- type LED device 
5 21 can be shortened for size reduction. 

In the foregoing embodiments , a chip-type LED device using 
an LED chip is described as an example of semiconductor device. 
However, the present invention is not limited thereto and is 
also applicable to such a semiconductor device as a transistor 
10 in which more than two electrode terminals are connected to 
a single semiconductor chip, as well as to a diode having a 
structure similar to that of the chip-type LED device. 
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